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The Fluid-Mosaic-Model of the Biological membranes
and Beyond...




Self-Assembly of lipids and surfactants
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Synthetic Membranes

Lipid Bilayer




"Most membrane proteins do not
enjoy the continuous unrestricted
lateral diffusion....

Instead, proteins diffuse in a more
complicated way that indicates
considerable lateral heterogeneity |
membrane stru




Supported membranes




Membrane Photolithography
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Membrane Photolithography

—— UV illuminated region

D=1.6 x 108 cm?/s




angstroms scale Height resolution by Imaging Ellipsometry




Membrane Photolithography




Photochemistry of Membrane Photolithography

(Wentworth et al, Sciean,/ 2002




“Most membrane proteins do not
enjoy the continuous unrestricted
lateral diffusion.... Instead, proteins

diffuse in a more complicated way
that indicates considerable lateral

heterogeneity in membrane
structure, atleast on &

Jacobson, K., Sheets, E. D. & Simson, R. (1995)
Science 268, 1441




Femtosecond Bilayer Surgery at the Nanoscale
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Titanium:Sapphire, 800nm,
540kHz-2.7kHz rep rate,
150 fs pulse-width
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Femtosecond Bilayer Surgery !
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Femtosecond Bilayer Surgery at the Nanoscale







Dil behaviour near the edge of a DMPC bilayer










Melting FRAP spots via Heating




studying lipid ra




Probing Membrane Heterogeniety and Dynamics
using model bilayers
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A Biophysical tool
for Understanding
Lipid heterogeneity

Designed reactive-diffusive
fronts

Lipid-lipid interdiffusion,
compositional manipulation
Phase dynamics and stability

Engineering arrested diffusion

Kinetically and chemically arrested

Mixing for functional patterning




GPI-linked
protein
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Cellular apoptosis
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Fas ligand (FasL) is a trimeric
molecule.
Fas is a monomer

Binding of FasL causes
trimerization of Fas,

which then binds death domain-

containing adaptor proteins

The adaptor proteins recruit and
activate caspase 8, which
cleaves caspase 3

Activated caspase 3 cleaves |-C2
the inhibitor of CAD, which is.
released to enter the nucleus an
cleave DNA
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Human Retina Pigment Epithelial Cells
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Surface energy patterns Using Self-Assembled Monolayers

UV (184-257 nm)

silica or silicon
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Imaging Ellipsometry confirms single monolayer and
Bilayer formation

Hydrophilic
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Both Mono- and Bilayer exhibit typical
long-range fluidity
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The two membrane fluids are disconnected




Protein patterns within membrane moats
(nanoscale dimensions using microscale masks)




Membrane morphologies are templated by the
Patterns of surface energy
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Cholera toxin (FITC-CTB) binding to 1% Gm1 containing
POPC membrane patterns
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FITC-CTB fluorescence pattern




FITC-CTB fluorescence pattern




The contrast reversal suggests a significant enhancement
Of Texas-red probe in the distal leaflet

No lipid Probe




Electrostatic considerations

Electrolyte, =80

Silica-membrane

. Electrolyte, =80
separation

Silica, e=4.5

Collaboration: Toby W. Allen 64
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Surface energy patterns







spreading




the thickness of the spreading foot




Ellipsometric confirmation of the spreading
membrane morphologies

Hydrophobic

Hydrophillic-Spreading Cross-Section
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spreading fronts are tense
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Monolayer spreads faster than the bilayer
both spread with square root of time kinetics

POPC-TR Monolayer and Bilayer Spreading Profiles
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FRAP-ping a Spreading Bilayer
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FRET Channel
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Building Blocks of life
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